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focused on biodiversity loss (i.e., alpha-and gamma-diversity) and compositional 79 shifts (i.e., beta-diversity) within the context of biodiversity conservation (e.g., 80
Dornelas et al. 2014, Valtonen et al. 2016 , Hillebrand et al. 2017 . Ideally, long-term 81 biodiversity monitoring programs that span multiple decades across replicated study 82 sites using consistent methodologies and sampling efforts should be used to identify 83 the effects of climate change. However, multi-decade monitoring programs are as yet 84 very rare (Magurran et al. 2010 ; but see Valtonen et al. 2016) . 85 Whittaker (1960 Whittaker ( , 1972 developed the concept of beta-diversity, which he defined 86 as the variation in community composition among sites in a region. Since then, many 87 new beta-diversity indices have been developed, and attempts have been made to 88 relate the properties of beta-diversity and dissimilarity indices to background 89 ecological processes (Harrison et al. 1992 the present worldwide climate warming, are likely factors that drive spatial 107 differences in temporal beta-diversity (Legendre 2019) . 108
The persistence of individuals over time is an important component of the temporal 109 beta-diversity concept, which has not been explicitly considered before. The 110 persistence of individuals contributes to a static equilibrium in community 111 composition. Nevertheless, there is turnover of different individuals belonging to the 112 same species even when the community composition is stable over time, i.e., 113 conventional temporal beta-diversity is zero when the community composition is at 114 equilibrium, which contributes to a dynamic equilibrium in community composition. 115
However, it is difficult to detect differences in turnover within the same species. Thus, 116 the meaning of compositional changes in communities differs between sites with high 117 and low individual turnover rates across time. Therefore, an appropriate evaluation of 118 temporal changes in community composition could benefit from considering the fates 119 of identifiable individuals in a community over time. Here, I propose new indices of 120 temporal beta-diversity that take into account individual identity information. These 121 new coefficients are individual-based in contrast to others that are incidence-based 122 (e.g., the Sørensen index; Sørensen 1948), or abundance-based (e.g., the Bray-Curtis (1) 150
(2) 151
where xij is the abundance of species i at site j, and xik is the abundance of species i at 154 site k. Therefore, A is the number of individuals of each species that occur at both 155 sites j and k, while B and C are the numbers of individuals that are unique to sites j 156 and k, respectively. This formulation of the Bray-Curtis (dBC) index is expressed as 157 follows: 158 159 .
(4) 160
161
In the temporal beta-diversity concept, the differences between data vectors 162 correspond to observations made at time 1 (abbreviated T1) and time 2 (T2), which 163 are referred to sites k and j in the spatial beta-diversity concept. The A, B, and C 164 components are described as follows: 165 166 (5) 167 (6) 168
where yi1 is the abundance of species i at time T1 at a site, and yi2 is the abundance of 171 species i at time T2 at the site. Therefore, At is the number of individuals of each 172 species that occur at both times T1 and T2, whereas Bt and Ct are the numbers of 173 individuals that are unique to times T1 and T2, respectively. The temporal 174 beta-diversity of the Bray-Curtis (dt.BC) index is expressed as follows: (9) 184
Legendre and his collaborators applied the loss/gain partitioning procedure for 186 temporal beta-diversity to many empirical datasets (e.g., Kuczynski et al. 2018 , Brice 187 et al. 2019 , and constructed a new analytical trend in temporal beta-diversity. 188
In this study, I developed the concept of abundance-based temporal beta-diversity 189 based on Bray-Curtis dissimilarity through extension of the individual-based 190 temporal beta-diversity indices. The following P, M, and R components correspond to 191 components A, B, and C, respectively. M refers to individuals occurring at T1, but 192 dead before T2, thereby separately identifying the deaths of individuals during the 193 time period between T1 and T2 ( Fig. 1 ). R identifies individuals that were not alive at 194 T1, but subsequently found at T2, thereby identifying the recruitment of individuals 195 during the period between T1 and T2. Component P refers to the persistence of 196 individuals from T1 to T2 (Fig. 1 ). The respective abundances were calculated as 197 Table S1 , Fig. S1 ). Specifically, I extracted the 324 monthly mean and total precipitation data (accessed December 12, 2019), and 325 calculated the annual mean temperature (°C) and annual precipitation (mm) for each 326
year and site. I estimated temperature differences from elevation differences between 327 each of the forest plots and its nearest meteorological station using 0.55°C/100 m in 328 elevation as the mean lapse rate; this relationship between temperature and elevation 329 is commonly used by Japanese forestry researchers (e.g., Oshima et al. 1961, 330 I detected no trends in dMR in relation to average rate of change in annual mean 381 temperature in either deciduous or evergreen broad-leaved forests (Fig. 3a, b , Table 1) . 382
In analyses of dM/dR, the polynomial model was chosen by the AIC comparison as the 383 best model for deciduous broad-leaved forests; the simple model was the best for 384 evergreen broad-leaved forests. The increase in dM/dR was greatest at sites that 385 warmed most in the targeted decades. This was true for both types of forest. Thus, the 386 relative contribution of mortality process to individual based beta-diversity increased 387 with warming rate over time (Fig. 3c, d) . The dE/dS index did not show any statistical 388 trends over time for deciduous forests (Fig. 3e) ; the simple regression model was 389 chosen by AIC comparison as the best for evergreen forests (Table 1 ). In evergreen 390 forests, dE/dS increased most over a decade in warming sites. Thus, the relative 391 contribution to individual based beta-diversity of individual turnover increased over 392 time in relation to the contribution with compositional shift (Fig. 3f) . The polynomial 393 model of ve was selected as the best for the deciduous forest type: ve decreased with 394 larger temperature changes (Fig. 3g, Table 1 ). The simple model was selected for the evergreen forest type: ve increased linearly with increasing warming over time ( Fig.  396 3h, Table 1) . 397
The values of the Jchange were -0.008±0.033 (-0.091 to 0.019) in deciduous 398 broad-leaved forests, and 0.010±0.022 (-0.025 to 0.041) in evergreen broad-leaved 399 forests. Jchange decreased most at sites with larger temperature change rates in both 400 forest types (Fig. 3i, j) . The statistical analyses of Jchange changes in relation to the 401 average change rate in annual mean temperature are summarized in Table 1 . I 402 detected a significant positive correlation for the relationship between these variables 403 in the deciduous forest type, (Fig. 4a ), but not in the evergreen forest type (Fig. 4b) . 404
The average rate of change in annual precipitation did not affect trends over time 405
for any of the calculated indices (Table S3) . which clearly changed along the gradient of temperature change rates (Fig. 4 , Table  431 1). Furthermore, the responses were different between deciduous and evergreen 432 broad-leaved forests. Specifically, the relative speed in evergreen forests was greater 433 at sites with most temperature warming. Furthermore, the range size of the values (ve) 434
in deciduous forests was about 7-fold greater than the range size in evergreen forests. 435
Thus, deciduous forests are more affected by the differences in temperature change 436 rate. I did not detect statistically significant trends along a gradient of precipitation 437 change rate, although drought caused by climate change is a major factor in tree 438 mortality (Allen et al. 2010, Saiki et al. 2017 ). These contrasting results may be due 439 to the humid climate of the Japanese archipelago. To capture the effects of global 440 climate change accurately, a broad multi-site analysis across the globe using similar 441 methods will be required. 442
The association between the relative speed of compositional equilibrium and 443 structural changes in communities over time is an important ecological issue. I found 444 that in deciduous forests the relative speed was significantly and positively correlated 445 with changes in community evenness, but this was not the case for evergreen forests 446 ( Fig. 4) . Therefore, compositional changes were not always accompanied by 447 structural change (Fig. 4) . I examined the patterns of community evenness in 448 mortality and recruitment communities (JM and JR respectively) to develop a 449 mechanistic interpretation of the temporal change in community evenness in 450 deciduous forests (Table S5 ). In detail, the evenness of the mortality communities 451 increased with an increasing rate of temperature change; thus, mortality processes 452 were a major contributor of the change in community evenness, but recruitment 453 communities did not track a significant trend (Table S4 ). Only dR responded 454 positively to the warming rate, but no clear patterns were apparent for this index 455 (Table S4 ). The major response components differed between the changes in 456 composition and structures of communities. Although more supporting evidence is 457 needed, I therefore suggest that there might not be a direct relationship between 458 changes in community structure and composition over time. explaining the relationship may then be discernable. 474
One advantage of the methodology I have developed is that it dissects individual 475 turnover into mortality and recruitment components. For example, I detected no clear patterns in the relationship between individual turnover (dMR), which is the obligate 477 speed of temporal change in communities, and temperature change rate (Fig. 3) . 478
However, by splitting the index into two components, I was able to identify relative 479 contributions to individual turnover (dM/dR). When this was done, clear patterns 480 emerged showing that an increase in the temperature change rate facilitated the 481 relative contribution of mortality components (Fig. 3, Table 1 ). Furthermore, by 482 checking the trend of each component separately, I was able to confirm that decreases 483 in recruitment components with increases in the temperature change rate drove the 484 pattern in deciduous forests, but I was not able to confirm this in evergreen forests 485 (Table S5) . 486
The relative contribution of the index dE/dS to individual-based temporal 487 beta-diversity (dMR) increased positively in evergreen forests as the warming rate 488 increased, although no trends in the individual components (dE, dS) were discerned. 489
Thus, the balance between the components changed in a consistent manner with 490 temperature change, although no patterns of variation in the individual components 491 were found. There were no clear trends in dE/dS in relation to temperature change 492 rates in deciduous forests. However, dE was affected by the temperature change rate 493 in these forests: dE decreased with increased warming rates; thus, there was a clear 494 contribution of compositional equilibrium decrease along these gradients (Table S5) . 495
Compilation of long-term temporal datasets for macro species requires 496
considerable human effort and cost for monitoring and research surveys because large 497 organisms often have long life spans. Nevertheless, the new indices I developed 498 clearly enhanced the importance of the monitoring datasets assembled using 499 traditional detailed surveys (e.g., individual tracking in forest plots) in detecting the 500 temporal trends that occurred over short time periods. Therefore, I re-emphasize here 501 the significance of classical monitoring surveys to collect biodiversity information. I 502 also developed an approach that introduced the concept of individual-based 503 beta-diversity within the context of temporal changes in community composition. 504
Theoretically, however, the procedure could be expanded to a spatial context for use 505 in studies of animal behavioral ranges and movements, including long-distance 506 migration, using monitoring and biologging datasets (Viana et al. 2016, Börger et al. 507 2020) that include multiple time series datasets collected from the same place within 508 a shorter time frame than the life spans of the targeted organisms (e.g., bird ringing 509 and classical mark-recapture procedures). Specifically, the approach could detect 510 detailed spatial turnover for individuals within same species in communities. and T2 refer to the communities at times 1 (abbreviated T1) and 2 (T2), respectively. 742
Both communities comprise four species (sp. 1, 2, 3, and 4) and all individuals are 743 identified separately (Zi). M refers to individuals in existence at T1 but dead before 744 T2, thereby separately identifying the deaths of individuals during the period between 745 T1 and T2. R identifies individuals that were not alive at T1, but found at T2, thereby 746 identifying the recruitment of individuals during the period between T1 and T2. P 747 refers to individuals that persisted from T1 to T2, thus both T1 and T2 are 1. The 748 arrows indicate the temporal trajectory for each individual; specifically, when they 749 are present or absent in communities between T1 and T2. 750 Fig. 3 . The analyses were performed using three models (null, simple regression, polynomial regression). adj. R 2 , adjusted coefficient of determination. AIC, Akaike's information criterion. Fig. 3 ***P < 0.001; **P < 0.01; *P < 0.05; '.,' P < 0.1 † The best of three models judged by the AIC
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Table S1 Data on the geography and climate of each plot and its nearest metrological station. See Fig. 2 for locations of plots in the Japanese archipelago.
Table S2
Indices calculated in this study
Table S3
Changes in the calculated individual-based temporal beta-diversity indices and the relative speed of compositional equilibrium in relation to temporal changes in annual precipitation.
Table S4
Results of simple linear regression analyses of the calculated indices on latitude, and the means and SDs of annual mean temperature and annual precipitation 
